The measurement of the blood pigments oxyhemoglobin, methemoglobin, and bilirubin in cerebrospinal fluid (CSF) has been useful in the differential diagnosis of various hemorrhagic and traumatic disorders of the brain (1) (2) (3) (4) (5) (6) (7) (8) (9) . Computed tomography often is used for the detection of a hemorrhage, although small vascular bleedings can remain undetectable, in which case the measurement of blood pigments in CSF might be helpful (4, 6, 7 ) . Detection and quantification of the blood pigments from the absorbance spectra are, however, difficult, and attempts to quantify these pigments (1, 10, 11 ) were not very successful because of factors such as turbidity, pH variability (11 ) , and the large overlap of the absorbance curves, especially those of oxyhemoglobin and methemoglobin (1, 2, 12 ) . The results of the visual interpretation of the spectra are qualitative in nature and depend strongly on the experience of the technicians; results, therefore, are prone to large inter-and intraindividual variation. Our aim was to develop a standardized method for the spectrophotometric examination of CSF and to obtain reliable quantitative results. A solution to this problem was found in the mathematical step-by-step (iterative) unraveling of the main absorbance scan into the scans of the individual blood pigments via the iterative process.
On arrival at the laboratory, the CSF samples were centrifuged for 10 min at 1800g and ambient temperature. The supernatants were kept in the dark to avoid degradation of bilirubin or were stored at Ϫ20°C. Before analysis, the pH of each supernatant was adjusted to pH 6.6 (11 ) . Absorbance scans were then made from 350 to 500 nm on a Beckman DU 640 spectrophotometer. The absorbances at 360, 405, 414, and 455 nm were recorded separately (see Fig. 1 , A and B).
Concentrations of the blood pigments were then calculated with a mathematical approximation technique (iteration procedure). In these calculations (see below), the absorbances at 405, 414, and 455 nm, which are the max of methemoglobin, oxyhemoglobin, and bilirubin, respectively, were each corrected for the absorbance of the other components. For this we used the relative absorbances of these components at the three wavelengths and the turbidity at 360 nm. The relative absorbance of component x is defined as the ratio of the absorbance of a blood pigment x at wavelength y (A y,x ) and the maximum absorbance at wavelength max (A max,x ). We determined the relative absorbances at 360, 405, 414, and 455 nm by measuring solutions of pure methemoglobin, oxyhemoglobin, and bilirubin, prepared according to the method of Stroes and van Rijn (11 ); we used Intralipid (Pharmacia & Upjohn) solutions for turbidity measurements. The absorbance at 360 nm was used as a measure of interference by turbidity. In addition, the measured absorbances were also corrected for a blank CSF sample for which we used fixed absorbance values: 0.011, 0.008, 0.007, and 0.005 absorbance units at 360, 405, 414, and 455 nm, respectively. Repeating the iterative process 20 times appeared to be sufficient in all cases.
For the calculation of, e.g., methemoglobin (m) in the first iteration, the corrected absorbance (A m ) was calculated using the formula:
where A 405 is the absorbance at 405 nm, n is the iteration number (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , and o 405 is the relative absorbance of oxyhemoglobin at 405 nm. The same line of reasoning was used for the other pigments [bilirubin (b), oxyhemoglobin (o), and turbidity (t)]. The recalculated absorbances for the individual pigments were then transformed to concentrations using calibration curves. An example of the original scan of a CSF sample is provided in Fig. 1A . The absorbances contributed by the individual compounds, as calculated by the iterative process, are presented in Fig.  1B .
The linearity of the method was investigated by increasing the concentration of one of the blood pigments in a solution containing high concentrations (3 mol/L) of the other two pigments. In each case, when the calculated concentration was plotted against the expected concentration, we found a straight line with a slope close to 1 and an intercept that was nearly zero. The lower detection limits calculated from these lines were Ͻ0.1 mol/L for all three pigments.
The reliability of the iterative calculation method was tested with several mixtures of the four components in blank CSF. The results of the added and calculated concentrations in 15 mixtures are presented in Fig. 1C . A close correlation was observed. In addition, we supplemented 27 blank CSF samples with one or more of the blood pigments. Concentrations were calculated with the computer program, and eight experienced technicians interpreted the scans. The results are presented in Table 1 , with the presence or absence of an added component used as the "gold standard" to calculate positive and negative predictive values, sensitivities, and specificities. Again, the program calculated the concentrations of the pigments correctly, although two results near the cutoff point of 0.1 mol/L were discrepant. Nevertheless, the results show that the performance of the computer program is substantially better than the visual interpretation by technicians.
In another approach, using this computer program as the gold standard, 39 absorbance spectra of pathological and nonpathological CSF samples were visually examined by eight trained technicians. The calculated sensitivities [mean (range)] for methemoglobin, oxyhemoglobin, and bilirubin were 0.66 (0.35-1.00), 0.84 (0.54 -1.00), and 0.83 (0.67-0.97), respectively. The specificities [mean (range)] were 0.79 (0.37-0.95), 0.42 (0.31-0.54), and 0.88 (0.67-1.00), respectively. There was a large variation in the results between the technicians, which can be overcome by use of the iterative procedure.
In summary, in this study we developed a simple, objective, quantitative, and technician-independent method for the interpretation of CSF spectra. The results show that interpretation of the spectra by individual techniClinical Chemistry 47, No. 2, 2001 cians is subject to large intra-and interindividual variation, which complicates a useful clinical interpretation. Our calculation method bypasses these difficulties. However, even if the method is reliable, the results of CSF spectrophotometry must be interpreted carefully by the clinician because blood pigments can appear in CSF without any relation to a hemorrhage (2, (5) (6) (7) 10 ) .
We thank the technicians for their assistance. A protected copy of the Microsoft Excel 97 calculation program and a full-size article can be obtained by e-mail free of charge. Results from epidemiological studies support the relationship between the consumption of phenolic-rich food and a low incidence of coronary heart disease (1, 2) . The lower incidences of coronary heart disease and certain cancers in Mediterranean countries have been associated with diet, of which fruits, vegetables, legumes, and grains are the usual components and the major fat component is olive oil (3 ) . The Mediterranean dietary pattern has been also shown to be effective in secondary prevention of coronary heart disease (4 ). Virgin olive oil is rich in phenolic compounds with strong antioxidant properties that protect olive oil from autooxidation (5 ). In addition, olive oil phenolic compounds have been shown to delay in vitro metal-induced and radical-dependent LDL oxidation (6, 7) . Among the phenolic compounds in olive oil is tyrosol (4-hydroxyphenylethanol), which is also present in other dietary sources (8, 9) and has mild antioxidant properties (10 -12 ) . However, information on the bioavailability of dietary phenolic compounds in humans is scarce (13, 14 ) . In bioavailability studies of phenolic compounds, one of the main problems is the estimation of the dose administered because these substances can be present in multiple forms in food. In the specific case of olive oil, phenolic compounds may be in the form of glycosides, polymers, and esters (12, 15 ) . To our knowledge, the bioavailability of tyrosol from nonsupplemented dietary sources has not been described previously.
Eight healthy volunteers were recruited (five men and three women; age range, 25-52 years). The local ethics committee, CEIC-IMAS (register no. 98/798/I), approved the protocol, and participants signed an informed consent. All volunteers could be considered healthy on the basis of physical examination and standard biochemical and hematological tests. Subjects had an mean weight of 75 Ϯ 13.47 kg (men, 83.2 Ϯ 4.4 kg; women, 59.7 Ϯ 6.11 kg) and a body mass index of 25.6 Ϯ 3.1 kg/m 2 (men, 26.9 Ϯ 3.29 kg/m 2 ; women, 22.4 Ϯ 2.4 kg/m 2 ). Volunteers followed a phenolic-free diet for 4 days (wash-out period) before acute olive oil administration. A nutritionist designed dietary recommendations and diet during the 24-h experimental period. Volunteers were instructed to exclude several foods from their diet (coffee, tea, fruits, vegetables, wine, and olive oil). At 0800 on day 5, they were provided with 50 mL of extra virgin olive that was administered in a single dose ingested either directly (n ϭ 2) or with some bread (n ϭ 6). Olive oil was the sole phenolic dietary source in the next 24 h. Urine was collected before the start of the wash-out period (pre-washout period; first voided spot urine in the morning), during the wash-out period (first voided spot urine in the morning), and after the acute administration period (at 0 -4, 4 -8, 8 -12, 12-16, and 16 -24 h) and stored at Ϫ80°C until analysis.
The tyrosol content in virgin olive oil usually is evaluated after extraction with methanolic water without other sample treatment (16 ). This method permits only the determination of free tyrosol in olive oil. In this bioavailability study, aliquots of methanolic water extracts of the olive oil administered were submitted to either an acidic or an alkaline treatment. This was done to release tyrosol from its conjugated form and to experimentally reproduce some of the gastrointestinal conditions occurring during digestion of oil in humans. Sample preparation was performed using a modification of a method previously described by Caruso et al. (12 ) . A 15-mL aliquot of the olive oil administered in the study was extracted three times with methanol-water (80:20 by volume). Pooled extracts were treated with hydrochloric acid (1 mol/L HCl; sample pH adjusted to 1) or sodium hydroxide (0.1 mol/L NaOH; sample pH adjusted to 10) with further sonication (30 min at 45 kHz) at room temperature. After 60 min of incubation, the methanolic water extracts were evaporated under reduced pressure at 40°C on a rotary evaporator (Rotavapor RE 121; Bü chi). Aqueous
